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Reliability Testing of the Pedestrian 
and Bicycling Survey (PABS) Method 
Ann Forsyth, Kevin J. Krizek, Asha W. Agrawal, and Eric Stonebraker 
Background: The Pedestrian and Bicycling Survey (PABS) is a questionnaire designed to be economical and 
straightforward to administer so that it can be used by local governments interested in measuring the amount 
and purposes of walking and cycling in their communities. In addition, it captures key sociodemographic 
characteristics of those participating in these activities. Methods: In 2009 and 2010 results from the 4-page 
mail-out/mail-back PABS were tested for reliability across 2 administrations (test-retest reliability). Two ver­
sions—early and refined—were tested separately with 2 independent groups of university students from 4 
universities (N = 100 in group 1; N = 87 in group 2). Administrations were 7 to 9 days apart. Results: Almost 
all survey questions achieved adequate to excellent reliability. Conclusions: Transportation surveys have not 
typically been tested for reliability making the PABS questionnaire an important new option for improving 
information collection about travel behavior, particularly walking and cycling. 
Keywords: transportation, walking, cycling 
Many communities are eager to collect informa­
tion on how much walking and cycling is happening
within their boundaries, so that they can more effectively
plan to promote these active travel modes. A variety of 
approaches exist for collecting data on active travel, but 
very few surveys have published information about the 
reliability of the questions that were used. Those efforts 
that have reported such information primarily come
from the field of physical activity research rather than 
transportation research or practice. 
This paper reports on the reliability testing of the 
Pedestrian and Bicycling Survey (PABS), a questionnaire
specifically designed to assess local walking and cycling 
behavior in a transportation context. PABS was developed
to be economical and straightforward to administer so 
that it could be used by local governments interested in 
assessing the quantity and purpose of walking and cycling
by their residents, as well as the sociodemographic
characteristics of those participating in these activities.1 
Background 
Survey Development 
Our efforts to develop a survey began by reviewing more 
than 20 previous surveys asking questions about active 
Forsyth is with the Dept of City and Regional Planning, Cornell
University, Ithaca, NY. Krizek and Stonebraker are with the 
College of Architecture and Planning, University of Colorado, 
Denver, CO. Agrawal is with the Mineta Transportation Insti­
tute, San José State University, San José, CA. 
travel, from both the transportation and public health
fields.1 This review concluded that prior surveys focused 
on 2 types of information about active travel. Some asked
about specific trips taken by respondents, often collected 
via a travel diary for all household members. Other instru­
ments, often in questionnaire form, asked about more 
general travel patterns, such as behavior that is typical 
or has occurred over a specific time period.1 
In addition to reviewing survey questionnaires, we 
reviewed the survey methodologies used and theories
behind their development. While the theories from the 
2 fields—transportation and physical activity—are con­
verging toward considering multiple domains or levels of
influence on behavior, they come from different starting 
points.2 
Health researchers examining physical activity
frequently base their research on the social ecologi­
cal model that considers how behavior is affected by
multiple individual, interpersonal, and environmental
characteristics.2–5 These models consider individual
attitudes and behaviors, personal and social barriers and 
supports for choices, and environmental contexts (social 
and physical). 
Transportation researchers use a different set of
theories based on individuals making travel choices that 
maximize their utility, particularly minimizing the time 
and money cost of travel given available options. These 
transportation theories have been extended to consider
individual preferences about costs and benefits, information
exchange about options, and social networks or interper­
sonal interactions, for example within the household.2,6–9 
Given this theoretical diversity, we proposed to
develop a survey that focused on collecting the data
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678 Forsyth et al 
needed for transportation planning while also drawing 
from the social ecological model. Among the goals for 
PABS were to design a survey that 
•	 Is inexpensive and straightforward to administer. In 
transportation, the gold standard for such surveys is 
the travel diary, particularly those employing tele­
phone data collection/confirmation10 or verification 
systems requiring Global Positioning Systems. A
review of 125 of such surveys found they averaged 
approximately $150 for each completed survey,
even when querying only 1 or 2 days of travel (as 
is typical in the U.S.).11 This renders diary surveys 
outside the budget range for most communities.
Furthermore, we uncovered no evidence to suggest 
their questionnaires have been tested for reliability. 
To better serve our intent, we opted for a mail-out/ 
mail-back survey, potentially with an additional
internet option for response 
•	 Focuses on cycling and walking activity—even if 
such activity is infrequent. A shortcoming of travel 
surveys is that they often fail to satisfactorily cap­
ture nonmotorized trips. Trips, movements between 
destinations, are notoriously difficult to count and 
remember for nonmotorized modes. Technically,
someone walking to the mailbox to mail a letter,
then on to a coffee shop to pick up a latte, then on 
to work, has made 3 trips. Furthermore, in the U.S. 
diaries typically cover 2 days, a duration unlikely 
to capture much cycling activity since many people 
cycle only occasionally (eg, for recreation). Other 
surveys focus on the last week, or a typical week, 
options that still miss active travel that is only occa­
sional. To capture occasional trips, the PABS asks 
about activities within the past week and also up to a
year in the past. This approach is particularly impor­
tant for cycling planning as occasional or seasonal 
cyclists are important in their own right and may be 
prepared to cycle more with appropriate incentives 
•	 Collects data on habitual and recent walking and
cycling behavior that is as accurate as possible for a 
recall survey. We asked questions about the number 
of days on which an activity occurred—rather than 
the number of trips or their duration—because we 
considered such responses to be easier for respon­
dents to recall and thus more reliable. Only 3 of the 
questions focused on “typical” behavior. Physical 
activity surveys, reviewed below, ask about duration
of activity but many do so only for events involv­
ing 10 minutes or more of activity, undercounting 
short trips 
•	 Collects data on residents who do not walk and cycle,
so that they can be compared with those who do
use active travel modes. Many walking and cycling 
surveys intercept people using facilities such as paths
and trails. These provide important information on 
users of such places but miss nonusers.12 A mail-out 
survey of the general population can reach those not
walking and cycling 
•	 Provides data that can be generalized to the full
population with a community. Surveys designed
for probability sampling are not always used in the 
transportation field 
•	 Strikes an appropriate balance between length and 
comprehensiveness. Transportation planners have
conflicting survey needs. They need short surveys 
to elicit information from a public thought to be
suffering from survey fatigue. However, planners
also need information on many dimensions of
travel—trip mode, frequency, duration, purpose, and
destination; demographics; perceptions of travel;
and so on. The PABS was designed to balance these 
conflicting aims. 
The survey questions are described in Table 1 and 
available online.1 A companion manual explains the
protocol for administering the survey.13 
For the questionnaire design, we had hoped to draw 
at least partly on walking and cycling questions that had 
already been tested for reliability. While there has been 
reliability testing for some audit instruments where expert
raters assess environmental features,14,15 we found no
surveys designed specifically for transportation planning
that had been tested for reliability. Questionnaires that 
have been tested for reliability were designed for pur­
poses other than to collect data useful for transportation 
planning (eg, for recreation). In the field of public health,
however, 3 important recent surveys collecting substan­
tial information on walking and cycling for transport, as 
well as recreation, have been evaluated for reliability: 
the International Physical Activity Questionnaire (IPAQ),
the Global Physical Activity Questionnaire (GPAQ),
and the Neighborhood Physical Activity Questionnaire 
(NPAQ).16–18 
The IPAQ comes in long and short forms with several
variations.19–22 The IPAQ long form, which asks about the
last 7 days, includes 6 transportation questions (out of 
27). These questions collect data for people using motor 
vehicles (including transit and cars), bicycling, and walk­
ing, asking on how many days people had traveled by 
that mode for at least 10 minutes at a time and for how 
many total hours and minutes per day each mode was 
used.16 The short form, by contrast, asks only the walk­
ing questions. The alternative Global Physical Activity 
Questionnaire (GPAQ) has also been evaluated for reli­
ability.23,24 The GPAQ, with a total of 19 questions, asks 
3 about walking and cycling—if people walk or cycle at 
least 10 minutes to get somewhere, on how many days in 
a typical week, and for how much total time?17 Finally, 
the NPAQ has 35 questions, with additional subitems. 
Sixteen of the items, covering 10 pages, cover walking 
and cycling for transportation. The NPAQ queries behav­
ior in a “usual” week.18,25 For transportation walking and
cycling, the NPAQ asks the number of roundtrips, total 
time, and destinations separately for activity inside and 
outside one’s neighborhood. 
These are all excellent and reliable surveys. The
IPAQ and GPAQ benefit from being short if only the
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680 Forsyth et al 
walking and cycling questions are used; the longer NPAQ
provides information about destinations. However, a
straightforward tool is needed to hone in on additional 
details about travel walking and cycling relevant to
transportation professionals. Such information includes 
frequency beyond the last 7 days or a usual week, more 
detail about the purpose of travel (eg, recreation versus 
going to work), and information to identify sociodemo­
graphic correlates (eg, gender, car access). 
Methods 
Survey Piloting and Testing 
Settings and Participants. The survey questionnaire 
went through several stages of review and testing. An 
early draft was reviewed by an advisory committee of 4 
expert practitioners, and the refined questionnaire was 
piloted with a convenience sample of 9 acquaintances. 
The further refined survey (version 1) was administered 
twice in reliability test 1 to a total of 100 urban planning 
students at universities A, B, and C (in a northeast college
town and larger metropolitan areas in the mountain west 
and west coast). Administrations were 7 to 9 days apart, 
during class sessions. For ethical reasons, completing
the survey was not a course requirement and surveys
were matched across administrations using additional
questions that preserved anonymity. Students were
encouraged to write comments on the survey at the first 
administration but did not discuss the content until after 
the second administration. 
After reliability test 1, the questionnaire was revised
again. Some changes were minor (eg, to capitalization), 
while others were more major, such as adding demo­
graphic questions or rewording the explanation of a
term used in the survey. The new version (version 2) was 
retested for reliability (reliability test 2), with administra­
tions 1 week apart, with a new group of 87 undergraduate
students at University D (in a southwestern metropolis). 
By using a different university we ensured that students 
did not remember the survey. 
After the results of the test-retest process were com­
plete and had been reviewed by the practitioner advisory
committee, a final recommended survey questionnaire was
designed; this last version of the questionnaire is referred
to in this paper as the final PABS version. The final PABS
survey is close to version 2 but incorporates some questions
from version 1 where the original wording turned out to 
be substantially more reliable. Permission to conduct
the various stages of this study was obtained from the 
Institutional Review Board of the sponsoring university. 
The time interval of 7 to 9 days between admin­
istrations was judged to be appropriate for the type of 
data collected. With a longer interval, the underlying
behavior patterns might change, while with a shorter
interval people might remember their prior answers.26 
For example Craig et al’s testing of the IPAQ, with ques­
tions covering a similar time period to many of those in 
the PABS, administered the survey at spacings of 3 to 
7 days.20 
Using a convenience sample, as was done for PABS,
is also common in such reliability tests, notwithstanding 
issues that arise from the representativeness of the sample
(further discussed below). For example, the NPAQ was 
tested with a convenience sample of university academics
and general staff.25 The Craig et al. IPAQ reliability study
was based on a multicenter study where most samples 
were “drawn from specific populations and were usually 
convenience samples” (p. 1382).20 Four of the 10 sites in 
a 9-country test of the GPAQ used convenience samples.13 
Statistical Methods 
Estimates of stability over time included Pearson/Spear­
man correlations and Kappa coefficients. We also con­
ducted supplementary Bland Altman plots of questions 
with continuous data (for example, questions asking the 
number of days in a week that an activity occurred).24,27 
Correlation coefficients were estimated to test reliability 
for all the continuous or ordinal/categorical questions. 
For the nominal categorical and dichotomous variables, 
we estimated unweighted Kappa coefficients. The Kappa
coefficient adjusts agreement between the 2 periods for 
the agreement due to chance.28,29 Unweighted kappas are
appropriate for dichotomous variables. We considered 
kappa statistics and correlation coefficients above 0.7 to 
be adequate or acceptable, correlations 0.8 and above very
good, and 0.9 and above excellent.21 These thresholds 
are slightly more conservative than Landis and Koch’s 
“benchmarks” for the Kappa statistic where 0.61 to 0.80 
is “substantial” agreement and 0.81 to 1.00 is “almost 
perfect”.29 Statistical analyses were performed using
PASW Version 18. 
Table 2 describes the 2 test groups used, and Table 
3 compares the results of the reliability testing for the 2 
groups. Table 4 describes the reliability testing results for
the final PABS questionnaire. To allow some comparison
across studies we present multiple statistics for appropri­
ate questions as different studies present different tests. 
In addition, while certain statistics are appropriate for 
particular kinds of questions depending on the kind of 
data generated, the best test is not always clear. Several 
questions with ostensibly interval answers had few real 
options (eg, 1 to 7 days); therefore Spearman’s rho may 
be more appropriate for these than Pearson’s r. (The latter
was chosen over ICC due to its simplicity.) 
Results 
An overarching result—affirmed by the practitioner
review panel and others in the field of transportation
planning which whom we conferred—is that in such a 
survey, there are competing demands for both the shortest
possible survey and the most possible information. The 
current version of PABS addresses this by being semi-
modular, in that some sections could be dropped. Further
potential refinements are discussed below. 
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Table 2 Descriptions of Reliability Test Groups 
Reliability Test 1 (survey version 1) Reliability Test 2 (survey version 2) 
Location Universities A, B, and C University D 
Number of responses 100 (paired) 87 (paired) 
Date administered November 2009 with 7–9 days between March 2010 with 7 days between administrations 
administrations 
Median age (years) 28 (mean = 31) 23 (mean = 25) 
White (%) Not asked 72 (26% nonwhite; 1% missing) 
Females (%)* 50 33 
Note. The reliability sample data are for paired data. 
* This figure is for those who indicated their sex and does not account for the 2% who indicated “Prefer not to say.” 
Source: Adapted from 1. 
Most questions in version 2 achieved acceptable to 
excellent reliability, as indicated in bold in Table 3. In 
addition, a small number of questions achieved substan­
tially or somewhat higher reliability in version 1, where 
substantial is defined as a difference of 0.2 or more in 
the correlation or kappa statistics. We decided to use the 
earlier versions of these questions (3g, 17, and 18 in the 
final PABS) and report reliability for those in Table 4. 
Questions in the final PABS that did not achieve
acceptable reliability included ones where responses
might be expected to vary from week to week (eg, today’s
date–not reported). Others achieved reliability of (close 
to) 0.6 while also reflecting behavior that might well vary
from week to week (eg, the most recent time cycling to 
transit). In these cases lower reliabilities might reflect 
actual differences in behavior. We decided these questions
were acceptable in the survey (3c, 3h, 7, 8, 10, 13). That 
still left 5 questions of concern. In each case we decided 
to leave them in the survey. Three reflect activities that 
possibly vary from week to week (3a, 4, 16e). One is a 
complex question about household type that would ben­
efit from further refinement (26). A final question has low
kappa statistics but also very low/high prevalence of the 
characteristics; kappa statistics have been demonstrated 
to be lower in very homogenous data sets (25).28 
For questions in the final survey with continuous
data (N = 19), we performed supplementary analyses
estimating differences between the measures at time 1 and
2 (Bland Altman methods).27 We calculated the percent­
age of answers with differences within ± 1.96 standard 
deviations of the mean (95% confidence interval). Five 
of the questions had achieved acceptable reliability in 
correlations but had less than 95% of answers in the 95%
confidence interval (questions 7, 9, 11, 16a, and 28). All 
had 90% or more answers in this range, however they 
may warrant further investigation in the future. 
Discussion 
The PABS provides an inexpensive yet reliable instrument
and is one of the first transportation-focused surveys to 
report reliability testing. It is also explicitly designed to 
be relatively inexpensive. A field test in San Jose showed 
that it is a straightforward approach.1 Nevertheless, this 
new entry into the field of transportation surveys had a 
number of limitations. 
One limitation is that the reliability testing was con­
ducted with university students, who may be more adept 
at answering surveys than the general population. They 
may also be more likely to cycle and walk. This provided
helpful variability in answers (at least some people had 
cycled, for example) which was useful for testing. How­
ever, it may not reflect the general population in North 
America. While the locations were diverse in terms of 
climate and local travel patterns, students are also likely 
to have a different range of transportation experiences 
than the general public. 
Reliability testing aims to test how well underly­
ing, stable, and habitual phenomena are captured. Some 
behavior we tested may not have been so stable—for
example whether someone had ridden a bicycle to
transit in the last 7 days. Some researchers use shorter 
time periods between administrations to get around this 
problem, but we feared that people would remember
their answers if we used shorter periods. However, if we 
had used shorter time periods for these somewhat less 
stable behaviors, the reliability would have presumably 
been even higher. 
We translated the survey into Spanish but have not 
yet tested the reliability of the Spanish version. 
The study also suggests some areas for further work 
developing transportation monitoring and planning
instruments: 
•	 Designing and testing a shorter or more modular
version. The practitioner review panel wanted short 
instruments that are easy to administer. Transpor­
tation experts also have differing opinions about
question order. A modular approach would allow
them to shorten and reorder the survey more easily 
•	 Developing a reliable instrument that can include 
additional important transportation planning issues 
such as people’s trip distances, travel times, destina­
tions, and purposes. This responds to other requests 
from the review panel for the survey to collect more 
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information. It would be possible to use or adapt 
NPAQ questions to create modules for some of these
purposes. Some different demographic questions,
such as education level, could also be added 
•	 Developing surveys that record travel from multiple 
household members, particularly children, bringing 
the survey closer to the gold standard, travel diaries, 
many of which are administered to all members of 
a household 
•	 Finally, answering the survey reliably still raises
the question of how accurately people remember
and report their movements. More work could be 
done to validate the survey against other measures 
of travel behavior such as accelerometers, GPS data,
and diaries. Doing such would contribute to the trans­
portation field as little work has been done to validate
instruments measuring nonmotorized modes. 
Overall the PABS augments a number of physical 
activity-oriented surveys by providing a reliable option 
that more directly focuses on key dimensions of walking 
and cycling among the general population in communi­
ties. In addition, the type of data collected is more closely
targeted for transportation planning purposes than are
existing health-oriented surveys. 
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